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Abstract 
The article describes the successful experience of vibration protection of cultural heritage, "the personal collection of the 
Museum", included in the complex of buildings of the Pushkin Museum. AS Pushkin vibration excited by shallow underground 
line laying. The peculiarity of the situation described is vibroprotection existing buildings using proposed  M.A. Dashevskaya 
delayed installation technology, which allows to conduct mounting vibration isolators, including in existing buildings. The article 
presents the results of finite element calculation process isolators installed under the existing museum building. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Vibration protection as a method of preservation of cultural heritage 
 
The protection of cultural heritage from the vibration and structural noise has emerged as a serious urban 
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problem in the early twenty-first century, building with vibration protection, the reconstructed building was a ruins 
of a building remains of city mansion XVIII - XIX centuries. The restored complex located on the metro line (laying 
depth - 2.0 - 3.0 m) on either side of it, at a distance of 2-5 meters from the tunnel wall. Table. 1 summarizes the 
predicted maximum vibration levels in the building. 
Table 1. The maximum predicted vibration levels 
Octave 
band 
the 
legal 
limit 
Z 
exceeding the 
maximum 
permissible 
level 
X 
exceeding the 
maximum 
permissible 
level 
Y 
exceeding 
the 
maximum 
permissible 
level 
16 Hz 79 86.3 7.3 82.4 3.4 88.9 9.9 
31.5 Hz 85 101.2 16.2 97.6 12.6 101.9 16.9 
63 Hz 91 99.1 8.1 108.4 17.4 111.4 20.4 
 
2.  The concept of vibration protection of the museum building 
 
Protection of the restored buildings from the vibration caused by the movement of subway trains, carried out by 
its installation on rubber supports (isolators), placed in the openings in bearing walls and columns of the basement 
floor of the building. The bearing brick walls of the basement was made of reinforced concrete monolithic "belt" in 
height 1500mm. 
 
Fig. 1. The concept of "segments" of the building from the overlying structures LMK 
 
Installation of shock absorbers produced by the method, sequential compression of the shock absorbers. With a 
view to uniform loading of the building lifted loading isolators made in three stages. In the first phase the load is 
70% of the design, the second stage, isolators - 100% of the calculation, the third stage - 120% of the design, in the 
sequence provided wiring diagram - to create a uniform force field under the building. In the process of sequential 
compression of the adjacent isolators unloaded. Unloading is implemented by a release of vibration isolators. Thus, 
the building gradually pushed to the calculated value (finally - about 5 mm) by elastic-force of vibration isolators 
Distribution of the load during installation is shown in Fig. 2.3. 
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Fig. 2. Load distribution in the openings under the isolators to the mounting process 
 
Fig. 3. Distribution of the load in the openings under the isolators after the installation process 
  
 
 
 
 
Fig. 4. The basement of the museum space with openings in the system of columns and walls 
 
3. Simulation of the process of installation of vibration isolators using software package 
 
Three-step installation of isolators is modeled using the program Femap with NX Nastran Version 11.1.2 in three 
steps: pre-load isolators by 70%, 100% and 120% of their load-bearing capacity. Isolator’s field under the building 
is divided into 8 sections (see. Fig. 5), the group sequential preload shock absorbers in which the disclosure anti-
vibration gap achieved under the whole building MLK. 
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Fig. 5 The sequence of compression stations install isolators in the MLK building 
 
The finite element model represented as isolators building elements with linear elastic compression stiffness 
specified depending on the type (element - a spring-type "spring"). To simulate torque disclosure vibration weld and 
"detachment" of the building, the support elements (vibration insulators) are modeled as a two-stage spring-type 
"gap", having a stiffness in tension much less than the compressive and off of the operation when a tensile stress 
(i.e., when vertical displacement of the upper nodes of these elements). 
Preload isolator jacks simulate by asking the lower nodes of elements of type "spring" vertical displacements 
corresponding to precipitate a specific type isolator using 70%, 100% and 120% of its load capacity preload anti-
vibration isolators modeled according sites sequence (see. Fig. 5), with elements of the "gap" of this area when a 
tensile stress are excluded from the job. 
As a result of compression of the shock absorbers on all types of 100% of the carrying capacity of the average 
height of the vibrating joint opening: 6,4mm made. After completing another full cycle of loading (already at 120% 
of the carrying capacity of shock absorbers), the average height of the vibrating joint opening was 8,7mm. 
Values anti-vibration gap disclosures received in the course of the program the calculation exceeds a predicted 
and actual measured after the "recovery" of the building MLK values. This discrepancy is explained by the 
following reasons: 
1) discrepancies between the calculated (table) and real (The specified) load capacity isolators detail the method 
of calculating the actual carrying capacity and other characteristics of the shock absorbers is shown in [1] 
If a recalculation, the average height of the vibrating joint opening with "wraps" and "pinch" will be 
respectively: 5,9mm and 8,0mm. 
2) inconsistency of the calculated load applied to the elements and nodes MLK building model, the total carrying 
capacity table of all installed isolators. Full load all installed isolators above resistance reaction by 17%. At equality 
of the applied loads and model the average height of the vibrating joint opening with "wraps" and "pinch" amounted 
to 5 mm and 6,8mm respectively. 
The graphs can be traced step change efforts in vibration isolators in all stages of the installation process 
described above. As control wall selected axis "A" building MLC which includes isolators I, IV, VI and VIII sites. 
All charts on the axis "x" is represented by the control scan the walls with jack under anti-vibration isolators and 
anti-vibration gap, along the axis "y" - efforts arising in shock absorbers and support areas in ton, depending on the 
stage of recovery. Fig. 6 is a graph showing the distribution of the efforts to support portions in vibroshva level at 
the time prior to the compression of the shock absorbers. 
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 Fig. 6 Schedule distribution efforts in the level of anti-vibration of the gap prior to the compression of the shock absorbers 
 
Fig. 7 Schedule distribution efforts in the level of anti-vibration gap (at the I section isolators preloaded to 70% of their load-bearing 
capacity) 
 
 
Fig. 8 Schedule of distribution efforts in the level of anti-vibration gap (all isolators are drawn in up to 70% of their load-bearing capacity) 
 
Fig. 9 Schedule distribution efforts in the level of anti-vibration gap (all isolators preloaded with 120% of their load-bearing capacity) 
As follows from the graphs (Figure 6-9.), prior to the compression of the shock absorbers, the entire load of the 
overlying part of MLK in anti-vibration gap distributed among the support areas according to the number of storeys 
and geometry; after isolators 1-st portion preloaded to 70% of their carrying capacity, they are overwhelmed by an 
average of 20-25%, while the support portions "adjacent" to him VI unloaded or loaded portion is small. Once 
preloaded the entire field of vibration isolators, efforts to align and level anti-vibration gap overload disappears. The 
load from the overlying structures MLK is now transmitted solely through the vibration isolators (Figure 8). Further, 
the second and third cycles of assembly in series wraps up 100% and 120% loads occur minor spillover from site to 
site, but after loading the last section of the 120% load curve practically coincides with Diagrams load after load of 
70% of all sites; efforts anti-vibration gap level aligned according to the types specified isolators. Average SMS 
vibration height when the joint opening of the 2nd and 3rd stages was 5 mm and 6.8 mm. 
Due to the fact that the load taken into account were less than the total project effort vibration isolators, after 
compression of the entire field of vibration isolators for 70% of the carrying capacity of the entire load has passed 
with support portions on vibration isolators. Therefore, all subsequent stages of compression of the distribution did 
not change efforts vibration isolators, and only increased the value vibroshva disclosure. All stages of the 
subsequent modeling process of installation does not show the emergence of efforts to support sites, graphs in Fig. 8 
and 9 are almost identical. This once again shows that the 2nd and 3rd cycles of load isolators led only to an 
increase in anti-vibration gap disclosure. 
 
4. Examination of the level of vibration on the reconstruction of the section of the building MLK when 
moving subway trains AFTER vibration protection system device 
 
Calibration of vibration measurements were carried out after the installation and commissioning of the building 
anti-vibration system. 
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Table 2. In fact, the measured vibration levels 
Octave band 
the 
legal 
limit 
Z 
exceeding the 
maximum 
permissible 
level 
X exceeding the maximum permissible level Y 
exceeding the 
maximum 
permissible 
level 
16 Hz 79 82.5 3.5 64.8 ņ 65.7 ņ 
31.5 Hz 85 87.6 2.6 73.8 ņ 75.6 ņ 
63 Hz 91 78.2 ņ 69.9 ņ 67.2 ņ 
 
 
Fig. 10. The location of the premises in which measurements were taken, on the ground floor plan 
As shown in Table. 2, the measurement of vibration levels in the first building stage MLC carried out after 
vibration isolation assembly indicated that required by HS RF efficiency was almost achieved. Insignificant excess 
levels of vibration in octaves 16 Hz and 31.5 can be explained by the fact that the adjacent building 7, which relates 
to the second stage of reconstruction of the "Museum of Private Collections" axis "G" (see. Fig. 10) to the vibration-
isolated building, and formed in these places "bridges vibration." 
 
5. ɋonclusions   
5.1. Works on vibration protection, held during the restoration of the monument of architecture of XVIII century. 
We showed way to solve the problems of vibration protection of existing buildings, caught up in the immediate 
vicinity of the subway lines shallow emplacement. 
5.2. For the first time it was held complex scientific - technical activities: modeling the transformation of the 
state of stress in the process of mounting vibration isolators, the implementation of in-kind complex vibration 
protection and control measurements before and after installation. The real "hanging" the ruins of the building did 
not cause the formation of any cracks or warps design. There were no significant differences for calculating the 
results of the finite element model of the building with the reality has been identified. The presented method is 
versatile and can be used for vibration protection of any building. 
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